having the short propyl group bound to the boron cluster shows the lowest melting point (96°C) of all the investigated compounds. Thus this compound is a rare member of the class of ionic liquids consisting of dianions.
Introduction
Halogenated boron cluster anions exhibit exceptional chemical and thermal stability. For instance the chlorinated closo-dodecaborate [B 12 Cl 12 ]
2− and 1-carba-closo-dodecaborate [HCB 11 Cl 11 ] − anions have decomposition temperatures higher than 600°C and 400°C, 1 respectively, and have been widely applied as weakly coordinating anions, for instance to stabilize reactive cations. 2 These properties make these boron cluster anions potentially interesting for applications in thermally stable ionic liquids. 3 Despite the still increasing importance of ionic liquids, 4 the number of boron cluster-based ionic liquids is still limited. Salts containing carborates 5 and stannaborates 6 show quite low melting points. In contrast, the melting points of salts based on the dianionic perchlorinated dodecaborate [B 12 Cl 12 ] 2− , 5e,7 which has been introduced by us as a weakly coordinating anion, 8 are higher. − it is known that halogenation of an already N-alkylated cluster leads to two problems. 11 The halogenation is sterically hindered and thus yields incompletely halogenated products and secondly the already present organic group may be partly halogenated as well. Therefore, we preferred to perform the halogenation first followed by a subsequent O-alkylation. and S19), which disappears after O-alkylation. In the alkoxy substituted derivatives the characteristic C-H vibration is present, whose intensity increases with the length of the alkyl chain. All IR-and Raman spectra are depicted in the ESI. † Negative ESI-mass spectra of all the compounds show the complete anions as the main signal. The isotopic patterns are in good compliance with the expected and simulated spectra. In addition, ion pairs were also detected in agreement with our previous reports.
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Thermal analysis
The thermal properties of the tetrabutylammonium and the 1-hexyl-3-methylimidazolium ( O-dodecyl] , which decomposes at 240°C. The mass loss of the first decomposition step is in good agreement with splitting of the alkyl group and thus breaking the oxygen-carbon bond. Combined thermo-analytical and mass spectrometric measurements (Fig. S93, S97 , and S101 †) show typical fragments of alkyl groups and thus also confirm the assignment of the first decomposition step to the loss of the alkyl group. The subsequent decomposition steps at higher temperatures, which are probably related to the decomposition of the cation and at even higher temperature also to the boron cluster, cannot be assigned unambiguously.
Crystal structures
All attempts to obtain crystals suitable for X- 2− (X = Cl, Br; R = propyl, octyl) were determined (Table 4 and Fig. 3 ). In the halogenated hydroxo clusters [B 12 X 11 OH] 2− (X = Cl, Br) the hydroxo group is disordered over two positions (see Fig. S111 and S112 in the ESI †) which is in contrast to the ordered structure of the nonhalogenated derivative [B 12 H 11 OH] 2− . 12 Alkylation always leads to an ordered structure. The propyl substituted clusters are independent of the halogen substituent quite similar. In contrast, the structures containing the longer octyl chain vary depending on the halogen substituent on the boron cluster. All anions show more or less pronounced C-H⋯X (X = Cl, Br) hydrogen bonds. 15 In all four structures the methylene group neighbored to the oxygen points to one halogen atom of the boron cluster in the ortho position. The hydrogen atoms of this methylene group show short intramolecular contacts to one or two halogen atoms. The H⋯Cl distances (273.9-291.1 pm) are shorter than the H⋯Br distances (294.2-309.5 pm). As a consequence, the B-O-C angles are smaller in the chloro derivatives (117-124°) than in the bromo derivatives (126-127°). In all structures the B-O bond is bent away from the chlorine atom, which forms the C-H⋯X contacts, indicating steric repulsion of the methylene group neighbored to the oxygen atom and the halogen atoms in the ortho position. The Cl⋯H distances are given in pm. Ellipsoids are drawn at 50% probability and hydrogen atoms are drawn with arbitrary radii.
and cations are present as well in all structures, which presumably significantly determine the packing and also the orientation in space of the alkyl chains.
Conclusion
Alkoxy substituted and perhalogenated closo-dodecaborates were synthesized for the first time and their spectroscopic, thermal and structural properties were determined. The alkoxy groups significantly lower the melting point of their salts compared to the [B 12 X 12 ] 2− anions. They are still quite resistant to oxidation as determined by cyclic voltammetry (see Fig. S110 †) and their decomposition temperatures are still above 300°C (Table 3) IR spectra were measured on a Bruker ALPHA P FT-IR spectrometer equipped with a diamond ATR attachment. Raman spectra of samples in flame-sealed capillaries were recorded using a Bruker Equinox 55 FRA 106/S FT-Raman spectrometer equipped with a highly sensitive Ge detector and a Nd:YAG-Laser (1064 nm). NMR spectra were measured on a Bruker Avance 400 and a Bruker AvanceIII 600 spectrometer in 5 mm NMR tubes at room temperature. Air and moisture sensitive samples were measured in 5 mm NMR tubes equipped with a J. Young Teflon in a glass valve. Chemical shifts are given with respect to Me 4 Si ( 1 H, 13 C) and BF 3 ·OEt 2 ( 11 B). Two dimensional NMR experiments were performed to assist the assignment of the spectra. Electrospray ionization (ESI) mass spectra were recorded using a Bruker micrOTOF instrument. Thermoanalytical measurements were done with a Mettler Toledo TGA/DSC 1 LSTAR System. The coupled thermogravimetric/mass spectrometric measurements (see ESI) were carried out with a Mettler Toledo TGA/DSC 1 LSTAR System connected to Pfeiffer Vacuum Thermostar Gas Analysis System and a Gas Controller GC 200. Melting points were measured using a Stuart SMP10 melting point apparatus.
Crystal structure determination
The [PPh 4 ] + salts used for diffraction experiments were synthesized by a simple metathesis reaction. 100 mg of the specific sodium salt were dissolved in 10 ml of water and a twofold molar excess of [PPh 4 ]Br dissolved in 10 ml of water was added. After stirring for two hours the white precipitate was filtered off, washed with a small amount of cold water and dried under low pressure at 80°C. Single crystals suitable for X-ray diffraction were obtained by slow diffusion of diethyl ether into a solution of the respective salt in acetonitrile. The single crystal X-ray diffraction studies were performed on an Oxford Diffraction Gemini E Ultra diffractometer equipped with a 2 K × 2 K EOS CCD area detector and a four-circle kappa goniometer using MoKα (0.71073 Å) radiation at 120 K. The crystals were mounted onto a cryo loop using fluorinated oil and frozen in the cold nitrogen stream of the goniometer. Details of the crystallographic data collection and the refinement parameters can be found in Table 4 . The structures were solved by direct methods (SHELXS) 18 using the program package OLEX2. 19 Subsequent least-squares refinement on F 2 (SHELXL) 18 located the positions of the remaining atoms in the electron density maps. All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed in calculated positions using a riding model. The data were corrected for absorption.
Synthesis of Na 2 [B 12 X 11 OR] (X = Cl, Br; R = propyl, octyl, dodecyl)
Here a general procedure is given. Yields and all spectroscopic data are included in the ESI. † 1.00 g (1.71 mmol in the case of the chloro cluster, 0.93 mmol in the case of the bromo cluster) of the specific sodium salts synthesized above was dissolved in 20 ml of DMSO. In the second step a tenfold molar excess of the alkyl bromide was added via a microliter syringe. After that the reaction was initiated by adding KOH (485 mg, 8.65 mmol in the case of the chloro cluster/264 mg, 4.70 mmol in the case of the bromo cluster). The colorless solutions remained colorless or turned pale yellow to yellow depending on the alkyl halide used. The mixtures were stirred at room temperature for two days. Subsequently the solutions were filtered and all volatiles were removed under low pressure and heating to 70°C. The residue was washed with a small amount of isopropyl alcohol, filtered and dried at 120°C. Here a general procedure is given. Yields and all spectroscopic data are included in the ESI. † 100 mg of the specific sodium salt were dissolved in 10 ml of water. A twofold molar excess of tetrabutylammonium bromide was dissolved in 10 ml of water and the two solutions were combined and stirred for two hours. The white precipitate was filtered, washed with a small amount of cold water and dried under low pressure at 80°C. Here a general procedure is given. Yields and all spectroscopic data are included in the ESI. † 100 mg of the specific sodium salt were dissolved in 10 ml of water. A twofold molar excess of 1-hexyl-3-methylimidazolium chloride was dissolved in 10 ml of water and the two solutions were combined and stirred for two hours. The white precipitate was filtered, washed with a small amount of cold water and dried under low pressure at 80°C.
